Abstract Older Chinese immigrants are a growing population in the United States who experience multiple healthcare communication barriers such as limited English proficiency and low health literacy. Each of these obstacles has been associated with poor health outcomes but less is known about their effects in combination. This study examined the association between healthcare communication barriers and self-rated health among older Chinese immigrants. Cross-sectional survey data were obtained from 705 Chinese American immigrants ages 50-75 living in San Francisco, California. Communication barriers examined included spoken English proficiency, medical interpreter needs, and health literacy in written health information. The study sample (81 % females, mean age = 62) included 67 % who spoke English poorly or not at all, 34 % who reported needing a medical interpreter, and 37 % who reported "often" or "always" needing assistance to read health information. Two-thirds reported poor self-rated health; many reported having access to racial-concordant (74 %) and language-concordant (86 %) healthcare services. Both poor spoken English proficiency and low health literacy were associated with poor self-rated health, independent of other significant correlates (unemployment, chronic health conditions, and having a primary doctor who was ethnic Chinese). Results revealed that spoken English proficiency and print health literacy are independent communication barriers that are directly associated with health status among elderly Chinese American immigrants. Access to racial-or language-concordant health care services did not appear to resolve these barriers. These findings underscore the importance of addressing both spoken and written healthcare communication needs among older Chinese American immigrants.
Introduction
Self-rated health consistently predicts mortality [9, 12] . Ethnic minority groups in the United States (U.S.), Asian Americans, Blacks, and Latinos, reportedly have worse self-rated health than the general population [19, 28] . From 2000 to 2010, Asian Americans were the fastest-growing racial/ethnic group in the U.S. [7] . In 2014, there were more than 20 million Asian Americans living in the U.S., constituting 6.2 % of the total population [35] . Most Asian Americans (74 %) are foreign born, and half (48 %) have limited English proficiency (LEP) [25] , defined as speaking English less than "very well" [1] . Among older Asian Americans, in addition to the known determinants of poor self-rated health such as advancing age, low levels of education, low income, and multiple chronic health conditions [33, 38] , LEP is independently associated with disparities in both healthcare access and health status [13, 26] .
The largest Asian American sub-group is the Chinese [7] , 69 % of whom are immigrants [34] . Most Chinese Americans (81 %) speak Chinese at home (predominantly Cantonese and Mandarin). It is estimated that 46 % of Chinese Americans have LEP [34] . A qualitative study of older Chinese American immigrants with diabetes reported that both LEP and age-related limitations (such as vision and hearing loss, decline in attention span and memory) were common barriers that limited access to needed health information and effective communication with healthcare providers [17] .
Individuals with LEP were often reported to have low health literacy [29] . Health literacy, as defined by the Institute of Medicine, is "the degree to which individuals have the capacity to obtain, process, and understand basic health information and services needed to make appropriate health decisions" [10] . Health literacy represents a set of capacities that an individual may lose with aging and declining cognitive abilities [3] . A study including 488 older Chinese Americans aged 50-75 from the 2007 California Health Interview Survey (CHIS) found that those with LEP had a much greater rate of low health literacy than those without LEP and that the combination of LEP and low health literacy was associated with non-adherence to both colorectal and breast cancer screening [30] . These findings suggest that older Chinese immigrants are not only vulnerable to LEP and low health literacy, but may also be more vulnerable to poor health because of these communication barriers, particularly when they are experienced in combination.
Research examining the relationship between multiple health communication barriers such as LEP and low health literacy with health status among older Chinese adults is limited and results are mixed. Two separate studies using data from the 2007 CHIS with [1000 Chinese Americans in California found that LEP and low health literacy, both separately [16] and combined [29] , were associated with poor health, even when adjusted for age and other covariates. However, another bivariate comparison study in an extremely LEP (95 % monolingual) sample of 3159 Chinese Americans aged 60 and older in Chicago found no association between health literacy and self-rated health [31] . Findings have clearly shown that LEP and low health literacy are often linked, but they should not be conflated as interchangeable constructs. LEP patients with access to language-concordant healthcare services or in-language health materials may not have low health literacy in their native language. Patients with low health literacy, however, may have trouble understanding health education materials even when written in their native language. Taken together, the evidence is unclear as to what extent these communication barriers are associated with self-rated health status among Chinese Americans, which is vital in the design of effective healthcare communications strategies.
The present study examined multiple communication barriers, including limited spoken English proficiency, need for a medical interpreter, and low print health literacy in understanding written health materials in a community sample of older Chinese American immigrants in San Francisco, California. This study aimed to: (1) determine the association between healthcare communication barriers specifically related to English proficiency and print health literacy, and self-rated health in older Chinese immigrants with consideration of socioeconomic characteristics, acculturation, healthcare access and health conditions; and (2) determine whether the associations between healthcare communication barriers and self-rated health were moderated by having access to racial-and language-concordant healthcare services.
Methods
This study used cross-sectional data collected at pre-intervention from participants enrolled in a randomized controlled trial (RCT) testing the effectiveness of lay health worker (LHW) education (intervention) versus a brochure (control) on promoting colorectal cancer (CRC) screening by older Chinese Americans. The Institutional Review Boards of the University of California San Francisco and the San Francisco State University approved all study procedures.
Sample
The study sample was drawn from 725 Chinese Americans who met the eligibility criteria for participating in the RCT, which included: (1) aged 50-75 years, (2) self-identified as Chinese or Chinese American, (3) spoke English, Cantonese, and/or Mandarin, (4) lived in San Francisco, California and intended to stay for at least 6 months to complete the study intervention and assessment activities, (5) had no personal history of CRC, and (6) did not live in the same household as other participants. Research staff trained a total of 58 LHWs in participant recruitment. On average, each LHW recruited 12 participants (SD = 1.9; range 4-15) from his or her own social network with the use of word-of-mouth and flyers. Because the present study focused on Chinese immigrants, and specifically their healthcare communication barriers in relation to self-rated health, those who were born in the U.S. (n = 4), or who had missing responses to items regarding English proficiency (n = 2) or written health literacy (n = 14), were excluded. The final analytic sample thus included 705 participants.
Data Collection
Participants completed a self-administered survey in Chinese before the RCT procedures were implemented. Each participant received $20 USD for completing the pre-intervention survey. Data were collected in 4 waves, from 2010 to 2013.
Conceptual Framework
We utilized the Behavioral Model of Health Services Use and Health Outcomes [2] , a commonly used model to understand disparities in healthcare service access and outcomes [4] to conceptualize the key domains of the determinants of self-rated health for inclusion in the examination of the association between healthcare communication barriers and self-rated health. The determinants of self-rated health included Predisposing Factors (sociodemographics and acculturation), Enabling Resources for healthcare access (income, health insurance, and regular source of care), and Perceived Health Needs (selfreported chronic health conditions).
Measures
Healthcare communication barriers assessed included (1) self-rated spoken English proficiency ("not at all," "poorly," "so-so," "well," or "fluently"); (2) ever having had the need for medical interpretation at their doctor's office (yes vs. no); and (3) health literacy. The Single Item Literacy Screener (SILS) [21] , which has been validated against standard literacy measures such as the Rapid Estimate of Adult Literacy in Medicine and the Test of Functional Health Literacy in Adults [21, 27] , was used to assess health literacy as a proxy of written health communication barrier experienced by participants. The SILS asked, "How often do you need to have someone help you when you read instructions, pamphlets, or other written material from your doctor or pharmacy?" The five response options were: "always," "often," "sometimes," "rarely," and "never." Participants were grouped into three health literacy levels: "low" (SILS responses, "often" or "always"); "marginal" (SILS response, "sometimes"); and "adequate" (SILS responses, "never" or "rarely").
The primary outcome was self-rated health, as assessed by a well-established single item [9, 12] , which has been applied to Asian American and other populations to assess perceived general health status [13, 26] . The item asked, "In general, would you say your health is…?"-with five response options: "excellent"; "very good"; "good"; "fair"; and "poor." Consistent with the literature, "poor self-rated health" was defined by participants' rating of their health as "fair" or "poor".
Covariates included the proposed determinants of selfrated health according to the conceptual model described earlier.
Predisposing Factors included sociodemographic and acculturation characteristics. These were comprised of gender, age, marital status (married vs. other), highest education completed (less than high school graduation vs. high school graduation or beyond), and employment status (employed, retired, or not employed). Acculturation characteristics assessed were place of birth (Mainland China vs. other countries outside of the U.S.), language spoken at home (Cantonese vs. other), and years lived in the U.S. (\10 vs. ≥10 years).
Enabling resources included annual household income (\$20,000, ≥$20,000 or not reported), health insurance (yes vs. no), had a primary doctor or a regular place to go for Western healthcare (yes vs. no).
Perceived health needs were assessed by asking participants if they had ever been told by a doctor that they had heart disease, stroke, diabetes, high blood pressure (hypertension), or high cholesterol (hyperlipidemia). The number of chronic conditions reported was further coded into 3 categories: "none," "1," or "2 or more."
To determine whether healthcare communication barriers were associated with self-rated health in the context of having access to racial-and language-concordant healthcare services, participants were asked whether their primary doctor was ethnic Chinese (yes vs. no) as a proxy indicator of patient-providers racial concordance, and whether the language usually spoken by their health providers was Chinese (Chinese dialects, English or not reported) as an indicator of accessibility to language-concordant services.
Data Analysis
Descriptive statistics were computed for all of the measures, including means, standard deviations and percentages. Because participants were recruited by LHWs, generalized linear mixed models (GLMM) were used to account for clustering of participant responses by LHW in bivariate and multivariable analyses. In these models, the self-rated health response categories were collapsed into "fair or poor" versus "excellent, very good or good" and analyzed as a binary outcome with a logit link. The hypotheses were evaluated using GLMM to determine whether or not healthcare communication barriers were associated with self-rated health. We conducted bivariate analyses to identify correlates that attained p values \0.25 in their association with poor self-rated health for inclusion in multivariable analyses [8] . Based on documented associations reported with self-rated health in previous studies on Chinese elderly or immigrant populations, the following a priori variables were included as covariates: gender [32] , marital status [15] , and years lived in the U.S. [19] . Collinearity measures, including variance inflation factors and the condition indices, were examined among the selected covariates. Statistical significance was assessed at the 0.05 level (2-sided). Statistical analyses were performed using SAS version 9.3 (SAS Institute, 2012; Cary, N.C.). We conducted a series of three models with selected covariates added in each step.
Model 1 consisted of the set of healthcare communication barrier variables (English proficiency, need of medical interpreter, and health literacy). Because very few \ 4 % of the study sample reported speaking English well or fluently, we collapsed the response categories of spoken English proficient to "not at all or poorly" versus "so-so, well, or fluent."
Model 2 consisted of variables in model 1 plus predisposing factors, enabling resources and perceived health needs to examine whether healthcare communication barriers have significant associations with self-rated health with consideration of other determinants of self-rated health. Annual income had 19 % missing responses, so "not reported" was included as a category for income in the final model. All other selected covariates had \2 % missing responses. Regular place of healthcare or having a primary doctor and the number of chronic health conditions were not included due to collinearity with health insurance, and specific chronic health conditions, respectively.
Model 3 consisted of variables from model 2 plus two variables on accessibility to racial-and language-concordant healthcare services. To examine whether the associations between healthcare communication barriers were moderated by access to racial-and language-concordant healthcare services, we tested interactions of access to racial-and language-concordant healthcare services with the healthcare communication barrier variables.
Results
Sample Characteristics (Table 1) The sample (N = 705) included 81 % females with a mean age of 62.2 years (SD = 6.9). All were immigrants with a mean length of U.S. residency of 17.1 years (SD = 11.5), and 71 % had educational attainment of less than high school graduation. Over half (60.6 %) reported having at least 1 chronic health condition, the most frequently reported being hypertension (36.5 %) and hyperlipidemia (35.3 %) . Most participants ([93 %) had health insurance or a regular place of care; among those who had access to a regular care of healthcare, 60.6 % received care from federally qualified health centers or public health systems. In addition, 74.2 % reported their primary care physician was ethnic Chinese and 85.7 % reported that their healthcare providers usually spoke Chinese with them.
Healthcare Communication Barriers
Most participants (96.2 %) had LEP (speaking English less than "well"), including 67.1 % speaking English "poorly" or "not at all." One-third reported ever needing a medical interpreter. Less than one-third (29.1 %) reported they "rarely" or "never" needed assistance to read health information from their doctor or pharmacy (i.e., had adequate health literacy). A majority (70.9 %) reported at least "sometimes" needing assistance to read health information from their doctor or pharmacy, which we classified as having either low (36.3 %) or marginal (34.6 %) levels of health literacy.
Self-Rated Health
About two-thirds (65.7 %, 95 % CI 62.0-69.2) had poor self-rated health. Table 2 presents self-rated health by sample characteristics. In bivariate analysis (Table 2) , poor self-rated health was more prevalent ([70 %) among those who spoke no English or spoke English poorly, and among those who had low health literacy (p \ 0.05). Percentages of poor self-rated health were also high among participants who were age ≥65 years, born in mainland China, unemployed, with low income, with any one self-reported chronic health condition, or among those who reported primary doctor was ethnic Chinese (Table 2) .
Associations Between Healthcare Communication Barriers and Self-Rated Health Table 3 shows the adjusted odds ratios of the selected covariates for a series of three models with poor self-rated health as the outcome variable. Model 1 only included the 3 healthcare communication barrier variables: spoken English proficiency, need for a medical interpreter, and health literacy for written health information. Model 2 included the 3 healthcare communication barriers plus predisposing factors (sociodemographic and acculturation), enabling resources for healthcare access (insurance and income), and perceived health needs (chronic health conditions). Model 3 included all the variables in Model 2 plus access to healthcare services that are racial-concordant (having an ethnic Chinese primary care physician) or language-concordant (usual spoken language by healthcare providers was Chinese). Both speaking English "poorly" or 'not at all,' and "always or often" needing assistance to read health information (low health literacy) were significantly associated with poor self-rated health in all 3 models. The need for a medical interpreter was not associated with self-rated health after adjusting for English proficiency or health literacy. The associations between healthcare communication barriers (spoken English proficiency and health literacy) and poor self-rated health were independent of other significant correlates, which included being unemployed, having any 1 chronic health condition (diabetes, heart disease or stroke, hypertension or hyperlipidemia), and having an ethnic-Chinese primary care physician ( Table 3 ). The interaction between English proficiency and health literacy was not significant (p = 0.50; not shown in the table). Similarly, the interactions of provider ethnicity and language spoken by providers with participants' English proficiency and health literacy were not significant (p [ 0.42; not shown in the table). Thus, the associations between English proficiency, health literacy and self-rated health were not moderated by access to racial-or language-concordant healthcare services.
Discussion
Poor self-rated health was prevalent (66 %) in this study sample of predominantly LEP older Chinese immigrants in San Francisco, California, which was much higher than that reported by the general population of older U.S. adults (25 %) in the 2010 Behavioral Risk Factor Surveillance System Survey [38] . This study found a significant positive association between healthcare communication barriers and poor self-rated health among older Chinese American immigrants.
Specifically, poor spoken English proficiency (speaking English poorly or not at all) and low print health literacy ("always" or "often" needing assistance to read health information) were distinct communication barriers, with each having an independent association with poor self-rated health, even after accounting for individuals' predisposing factors (socioeconomics or acculturation), enabling resources for healthcare access, and perceived health needs (chronic health conditions). Importantly, the associations between these healthcare communication barriers and poor self-rated health remained consistent after accounting for access to healthcare services that were racial-or language-concordant. Population-based research on the topic of poor self-rated health in older LEP communities remains limited. One study utilizing data from the National Latino and Asian American Study found native-language dominance and older age were both associated with poor health among some Asian and Latino immigrant groups [14] . A high prevalence of poor self-rated health (51 %) was also reported in a study of 867 Vietnamese Americans aged 50 and 75 who were predominantly (95 %) LEP [22] . These findings, including ours, suggest that poor selfrated health is more prevalent among older adults with LEP than in the general population of older adults. While prior research in Latina and Asian elderly has documented that individuals with LEP were more likely to report poor health status than those with English proficiency [13, 14] , this is among the first studies to show that limited spoken English proficiency was independently associated with poor health even after accounting for other individual characteristics and health conditions, including having access to healthcare services provided in Chinese language. Given that poor self-rated health is a strong predictor of higher mortality across languages, ethnicities, and geographic regions, including among elderly Chinese [6, 18] , healthcare providers who work with older Chinese immigrants with LEP should also be aware of the high prevalence of poor self-rated health in this population and its implications for their clinical practice. Health literacy level classifications were based on participants' report of how often they needed assistance to read written materials from doctor or pharmacy: low health literacy = "always" or "often" needed assistance; marginal health literacy = "sometimes" needed assistance; adequate health literacy = "rarely" or "never" needed assistance c The percentages of the language usually spoken by healthcare provider variable were based on 665 nonmissing responses. There were 40 participants who did not provide a response, which included 31 participants who had no regular clinic or primary doctor, and nine others who had a primary doctor but did not indicate the language spoken The high rate of inadequate health literacy (71 % of the study sample reported needing assistance to read written health information at least "sometimes") was also unexpected, given that a majority of the respondents indicated that their primary doctor was Chinese (74 %) and that the usual language spoken with their healthcare providers was Chinese (86 %). Consistent with suggestions from other studies, simply providing LEP patients with language concordant or medical interpreter services may not completely address patients' healthcare communication needs [5, 20] . Thus, our findings suggest that providing ethnicand language-concordant healthcare alone be necessary, but not sufficient to address the healthcare communication barriers experienced by the majority of older Chinese immigrants with low health literacy.
For clinicians, the message is clear: recognizing and addressing the healthcare communication barriers of these patients is essential. Clinicians, health educators, and advocates should fully engage Chinese immigrants in partnership to develop and implement culturally appropriate programs to address both verbal and written communication needs in healthcare settings. One example is the use of lay health workers or community health workers. Training community members who share the same culture and language background as the targeted patient population to deliver carefully designed health messages or information has been shown to effectively promote both chronic disease management and cancer screening in LEP minority populations [23, 36, 37] , including among older Chinese immigrants [24] . Another promising strategy to address low health literacy among older Chinese immigrants is the use of digital technologies to deliver culturally and linguistically tailored multi-media health information, helping to reduce the barrier presented by low print health literacy [11] . Future longitudinal studies can explore the relationship between healthcare communication barriers and self-rated health to see if increasing one's verbal communication capability in the Row percentages may not add up to 100.0 % due to rounding errors a p values account for lay health worker clusters b Health literacy level classifications were based on participants' report of how often they needed assistance to read written materials from the doctor or pharmacy: low health literacy = "always" or "often" needed assistance; marginal health literacy = "sometimes" needed assistance; adequate health literacy = "rarely" or "never." 
Limitations
One limitation of the present study is that the survey data were based on self-report, which could be subject to recall and response biases. This study utilized cross-sectional data, which does not allow inference of causality between selfrated health status and healthcare communication barriers due to limited spoken English literacy and/or low health literacy. The findings may not be generalizable to older Chinese immigrants residing outside of San Francisco or to other minority groups besides Chinese. Because of a long history of Chinese immigration to San Francisco where currently over 21 % of the population is Chinese [34] , both racial-and language-concordant healthcare services are likely more available than elsewhere in the U.S. Nonetheless, a sizeable proportion of the study sample reported both limited spoken English proficiency and low health literacy, specifically in the domain of difficulty in reading or understanding written health information. The assessment of health literacy in this study using the Single Health Literacy Screener only asked how often one needed assistance to read health information without specifying the language of the print health information that respondents had received. Nonetheless, the Single Health Literacy Screener provided a proxy measure to indicate how often one has experienced written healthcare communication barriers.
Conclusions
This study revealed that poor self-rated health was highly prevalent among older Chinese American immigrants with limited English proficiency and many also had also low health literacy (specifically for printed health information). Limited proficiency in spoken English and low health literacy in written health information were distinct healthcare communication barriers and each was independently associated with poor self-rated health even after adjusting for individual sociodemographic differences, acculturation, health conditions, or access to racial-or language-concordant healthcare services. Importantly, these findings revealed that healthcare communication barriers due to limited English proficiency and low health literacy could not be completely resolved by providing access to racial-or language-concordant services. These findings underscore the importance of designing and delivering healthcare services and materials for older immigrants that are not only linguistically appropriate, but also comprehensible for those with low health literacy. Additional longitudinal studies are needed to understand if increasing Self-rated health classifications were based on participants' rating of their general health: poor self-rated health = participants rated their health as "fair" or "poor;" good self-rated health = participants rated their health as "good," "very good," or "excellent." Analyses accounted for lay health worker clusters and data collection waves. Asterisked, bolded items denote significant correlates in the full model (model 3) health literacy through culturally appropriate interventions can improve health status specifically among those who have limited English proficiency.
